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UDWHLQWKHVHUHJLRQV$ONDOLDJJUHJDWHUHDFWLRQLVDFKHPLFDOUHDFWLRQWKDWRFFXUVEHWZHHQWKHUHDFWLYHFRPSRQHQWRI
WKHDJJUHJDWHDQGDONDOLK\GUR[LGHIURPWKHFHPHQWXVHGLQWKHFRQFUHWHRUH[WHUQDOVRXUFH6ZDP\7KHUH
DUHWKUHHNQRZQIRUPVRIWKHDONDOLDJJUHJDWHUHDFWLRQ$$57KHVHDUHDONDOLFDUERQDWHUHDFWLRQ$&5DONDOL
VLOLFDWH UHDFWLRQ VORZO\ SURJUHVVLYH DONDOLVLOLFD UHDFWLRQ DQG DONDOLVLOLFD UHDFWLRQ $65 6ZDP\ 
+RZHYHU LQ VWXGLHV FRQGXFWHG LQ$$5 DONDOL FDUERQDWH UHDFWLRQRQO\RFFXUV LQ FDUERQDWH DJJUHJDWHV FRQWDLQLQJ
VLOLFD &RQVHTXHQWO\ WKH DONDOLDJJUHJDWH UHDFWLRQ LQ FRQFUHWH PD\ GHYHORS GHSHQGLQJ RQ VLOLFD FRQWHQW RI WKH
DJJUHJDWH7KHGHILQLWLRQRIWKHDONDOLFDUERQDWHUHDFWLRQKDVEHHQUHPRYHGIURPWKHOLWHUDWXUH%H\HQHHWDO
*UDWWDQ%HOOHZDQG&KDQ.DWD\DPD*UDWWDQ%HOOHZHWDO
1.1 Definition of Pessimum 
,Q WKH GLFWLRQDU\ WKH PHDQLQJRI 3HVVLPXP LV GHVFULEHG E\ FRQWUDVW WR WKH ZRUG RI RSWLPXP 6WDQWRQ
GHPRQVWUDWHGLQWKDWDFHUWDLQSURSRUWLRQRIVRPHUHDFWLYHVLOLFHRXVDJJUHJDWHFDXVHGWKHODUJHVWH[SDQVLRQRI
FRQFUHWHDQGWKDWWKHH[SDQVLRQGHFUHDVHGZKHQWKHFRQWHQWRIWKHUHDFWLYHDJJUHJDWHLQWKHFRQFUHWHZDVLQFUHDVHG
RU GHFUHDVHG IURP WKDW SHVVLPXP SURSRUWLRQ ,FKLNDZD  6WDQWRQ  +H DOVR IRXQG WKDW IRU D IL[HG
SURSRUWLRQ RI UHDFWLYH DJJUHJDWH WKH H[SDQVLRQ EHFDPHPD[LPDO DW D FHUWDLQ JUDLQ VL]H DQG WKDW WKH H[SDQVLRQ
GHFUHDVHGZKHQ WKH VL]HZDV LQFUHDVHG RU GHFUHDVHG IURP WKH SHVVLPXP VL]H ,FKLNDZD  6WDQWRQ $
W\SLFDOFXUYHVKRZLQJWKHHIIHFWRIH[SDQVLRQLQWKHFRQFUHWHGXHWRWKH3HVVLPXPUDWLRZDVJLYHQLQ)LJXUH


)LJ$W\SLFDOFXUYHRIWKH3HVVLPXPUDWLR)UHQFK
0DWHULDOV
2.1 Cement 
7\SH,3RUWODQGFHPHQWVXSSOLHGIURP/DIDUJH&R23&WKDWFRPSOLHVZLWKWKHIHDWXUHVRI$670&
>@ZDVXVHGLQWKLVVWXG\,WKDVDORZWRWDODONDOL1D2HTOHYHORI,WVFKHPLFDOFRPSRVLWLRQDQGUHOHYDQW
SK\VLFDO SURSHUWLHV DV REWDLQHG IURPPDQXIDFWXUHUV DQG WKH JHRFKHPLFDO ODERUDWRU\RI+DFHWWHSH8QLYHUVLW\ DUH
SUHVHQWHGLQ7DEOH
2.2. Reactive Aggregates 
6L[GLIIHUHQWUHDFWLYHDJJUHJDWHVDQGRQHQRQUHDFWLYHDJJUHJDWHZHUHXVHGLQWKHPRUWDUEDUWHVWV7KH5HDFWLYH
DJJUHJDWHVZHUHRSDOQRGXOHVLQFOXGLQJRSDO&WDQGTXDUW]PLQHUDOVFKHUWFKDOFHGRQ\QRGXOHVLQFOXGLQJEDQGVRI
ZHOOGHYHORSHG TXDUW] FU\VWDOV DQGHVLWH QRQZHOGHG LJQLPEULWH LQFOXGLQJ SXPLFH DW KLJK SURSRUWLRQV OLPHVWRQH
DQGGRORVWRQHZKLFKZHUHFROOHFWHGIURP.XWDK\D$QNDUDDQG0HUVLQYLFLQLWLHV2SDOQRGXOHVFKHUWFKDOFHGRQ\
QRGXOHV DQGHVLWHGRORVWRQHDQG LJQLPEULWH DV WKH UHDFWLYHDJJUHJDWHV DQG OLPHVWRQHDV WKH LQQRFXRXVDJJUHJDWHV
ZHUHXVHGLQWKHPRUWDUEDUWHVWV0LQHUDOFRQWHQWVRIWKHPZHUHGHWHUPLQHGE\³&X.D;5D\VRXUFHDW-LQ
LQWHUYDOVDQGSRODUL]HGPLFURVFRS\VWXGLHVIXUWKHUPRUHWKHSHUFHQWDJHRIPLQHUDOLQDJJUHJDWHZDVFDOFXODWHG
IURPDFKDUDFWHULVWLFSHDNRIPLQHUDO7DEOH


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7DEOH&KHPLFDOFRPSRXQGVDQGSK\VLFRPHFKDQLFDOSURSHUWLHVRIFHPHQW23&

&KHPLFDO&RPSRXQG  3K\VLFDODQG6WUHQJWK3URSHUWLHV
6L2  )LQHQHVV%ODLQHPðNJ 
$O2  6SHFLILF*UDYLW\ 
)H2  Compressive Strength, (MPa) 
&D2  GD\V$670& 
0J2  GD\V 
62  GD\V 
,JQLWLRQORVV  Tensile Strength, (MPa) 
5HOLFWPDWHULDO  GD\V 
2WKHUV  GD\V 
1D2  *UDLQ6L]HȝP 
.2 

7RWDO$ONDOL
1D2.2


 
Cement Compounds, (%) 
&6 
&6 
&$ 
&$) 
&KHPLFDOFRPSRXQGZDVGHWHUPLQHGDW+DFHWWHSH8QLYHUVLW\*HRFKHPLFDO/DERUDWRU\
7KHILQHQHVVRIFHPHQWZDVREWDLQHGDW+DFHWWHSH8QLYHUVLW\'HSDUWPHQWRI0LQLQJ(QJLQHHULQJ
7KHJUDLQVL]HRILWZDVGHWHUPLQHGE\XVLQJ6\PSD7HFKQRORJ\/DVHU*UDLQ6L]H$QDO\VHV6\VWHPDW+DFHWWHSH8QLYHUVLW\'HSDUWPHQWRI
0LQLQJ(QJLQHHULQJ

7DEOH0LQHUDOFRQWHQWVRIDJJUHJDWHVWHVWHG

7\SHRI$JJUHJDWH 6HPL4XDQWLWLHV0LQHUDO&RQWHQWV
:DWHU
$EVRUSWLRQ
%\9ROXPH
6RXUFH
$UHD
2SDO
2SDO&W
4XDUW]
 .XWDK\D&LW\7XUNH\
&KHUW
4XDUW]
&DOFLWH

*XYHQF9LOODJH$QNDUD&LW\
7XUNH\
&KDOFHGRQ\ §4XDUW] 
&XEXN9LOODJH$QNDUD&LW\
7XUNH\


$QGHVLWH


)HOGVSDU
4XDUW]
&OD\
6PHFWLWH.DROLQ
&DOFLWH


3DSD]GHUHVLORFDOLW\(WOLN$QNDUD&LW\

,JQLPEULWH

&OD\
)HOGVSDU
0LFD
4XDUW]


&HEHFL
$QNDUD&LW\


'RORVWRQH

'RORPLWH
DX[LOLDU\PLQHUDOV
DUH4XDUW]&OD\/LPRQLWH

<DYFD
0HUVLQ&LW\

/LPHVWRQH
§&DOFLWH 
%H\WHSH9LOODJH$QNDUD&LW\
7XUNH\
0HWKRG
,QOLWHUDWXUHRSDOLVGHILQHGDVWKHPRVWUHDFWLYHPLQHUDOW\SHDQGKDUPIXODJJUHJDWHIRUFRQFUHWH9ROFDQLFJODVV
PLFUR DQG FU\SWRFU\VWDOOLQH TXDUW] FKDOFHGRQ\ WULG\PLWH DQG FULVWREDOLWH ZHUH GHILQHG DV PRGHUDWHO\ UHDFWLYH
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PLQHUDOV'LDPRQG,QHVRQ$O'DEEDJK0LFKHOHWDO$QGHVLWHLQFOXGHVYROFDQLFJODVV
WKDW KDV UHDFWLYH IXQFWLRQDOLW\ 0F&RQQHOO HW DO 0L]XPRWR HW DO )UHQFK &KORULWH DQG FOD\
PLQHUDOV LQZHDWKHUHGEDVDOW DUH WUDQVIRUPHG LQWR D VLOLFD JHO DVZHOO DV FUDFN JURZWKV RFFXU LQ FRQFUHWH KDYLQJ
EDVDOWDJJUHJDWH%DWLFHWDO([SHULPHQWVZHUHSHUIRUPHGDFFRUGLQJWR$670&VWDQGDUGDFFHOHUDWHG
PRUWDU EDU WHVW $0%7 7KHZHLJKW SHUFHQWDJH RI DJJUHJDWHV XVHG LQPRUWDU EDU WHVW LV JLYHQ LQ 7DEOH  7KH
DJJUHJDWHV XVHG LQ $0%7ZHUH GHILQHG DV GHOHWHULRXV EHFDXVH RI PRUH WKDQ  H[SDQVLRQ LQ OHQJWK ,Q WKH
3HVVLPXP UDWLR GHWHUPLQDWLRQ WHVWV WKH UDWHV RI WKH UHDFWLYH DJJUHJDWH LQ WKH WRWDO DJJUHJDWH UDQJHG IURP  WR
,QRUGHUWRGHWHUPLQHWKHHIIHFWRISDUWLFOHVL]HRQH[SDQVLRQUHDFWLYHDJJUHJDWHVKDYLQJJUDLQVL]HVEHWZHHQ
DQGPPZHUHPL[HGLQWRWKHPRUWDU

7DEOH6LHYHVXVHGLQ$0%7
6LHYHRSHQLQJPP 
E\ZHLJKW7RS %RWWRP
PP1R PP1R 
PP1R PP1R 
PP1R ȝP1R 
ȝP1R ȝP1R 
ȝP1R ȝP1R 
5HVXOWV
4.1. The Pessimum Ratio 
3HVVLPXP UDWLRV YDU\ GHSHQGLQJ RQ WKH UHDFWLYH VLOLFD FRQWHQW RI WKH DJJUHJDWHV ,Q WKHPRUWDU EDU WHVWV WKH
PD[LPXP OHQJWK H[SDQVLRQVZHUH GHWHUPLQHG LQ WKH VDPSOHV LQFOXGLQJ  RI RSDO )LJ D ,Q WKH OLWHUDWXUH
SHVVLPXPUDWLRVRIRSDOUDQJHEHWZHHQDQG7KHUHDVRQRIWKLVZLGHUDQJHLVWKHSUHVHQFHRIDQDPRUSKRXV
VLOLFDW\SH2SDODJJUHJDWHVLQFOXGLQJRSDO$FDQVKRZPRUHOHQJWKH[SDQVLRQYDOXHVWKDQDJJUHJDWHVFRPSULVLQJ
RSDO&7%LQDO,QWKLVVWXG\RSDODJJUHJDWHVXVHGLQWKHWHVWVLQFOXGHRSDO&7DQGTXDUW]W\SHPLQHUDOV7KH
PD[LPXP H[SDQVLRQ LQ WKH PRUWDU EDU LQFOXGLQJ FKHUW DJJUHJDWHV ZDV GHWHUPLQHG WR EH  )LJ E 7KH
3HVVLPXPUDWLRRIFKHUWDJJUHJDWHVYDULHVGHSHQGLQJRQWKHDPRUSKRXVVLOLFDFRQWHQWFUDFNVDQGFDOFLWHILOOLQJ
    )LJD7KHJUDSKRIWKH3HVVLPXPUDWLRRIRSDODJJUHJDWHV E&KHUW

&KDOFHGRQ\DJJUHJDWHVLQFOXGHTXDUW]YHLQV7KHUHIRUH WKHSHVVLPXPUDWLRVRIFKDOFHGRQ\DJJUHJDWHVDUHYHU\
KLJK ZKHQFRPSDUHG WRRWKHU W\SHVRI DJJUHJDWHV )LJD7KH UHDVRQRI WKHDONDOL DJJUHJDWH UHDFWLRQ LQ
FRQFUHWHLQFOXGLQJWKHDQGHVLWHDJJUHJDWHLVYROFDQLFJODVVFRQWDLQHGLQWKHPDWUL[RIDQGHVLWH7KHUHIRUHLQFDVHRI
KLJKO\DQGHVLWHDJJUHJDWHXVDJHLQFRQFUHWHPL[SHVVLPXPEHKDYLRXUFDQEHREVHUYHG)LJE
,JQLPEULWH DJJUHJDWHV XVHG IRU WKH PRUWDU EDU WHVW KDYH VKRZQ WKH SHVVLPXP UDWLR DW WKH  +RZHYHU
LJQLPEULWH DJJUHJDWHV DUH FODVVLILHG DV KDUPOHVV GXH WR WKH OHQJWK RI H[SDQVLRQ QRW H[FHHGLQJ  )LJ D
'RORVWRQH DJJUHJDWHV VKRZ WRR ORZH[SDQVLRQ LQ H[SHULPHQWV )LJEEHFDXVHRI ORZ VLOLFD FRQWHQW7KHUHIRUH
GRORVWRQHZDVFODVVLILHGDVWKHLQQRFXRXVDJJUHJDWH

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



D     E


)LJD7KHJUDSKRIWKH3HVVLPXPUDWLRRIFKDOFHGRQ\DJJUHJDWHVE$QGHVLWH









)LJD7KHJUDSKRIWKH3HVVLPXPUDWLRRILJQLPEULWHDJJUHJDWHVE'RORVWRQH
4.2 Grain Size Effect 
 0RUWDUEDUWHVWVZHUHFDUULHGRXWWRGHWHUPLQHUHDFWLYHDJJUHJDWHJUDLQVL]HHIIHFWRQWKHH[SDQVLRQ7KHUHDFWLYH
DJJUHJDWHVRSDOFKHUWDQGFKDOFHGRQ\LQWKH3HVVLPXPUDWLRZHUHDGGHGLQWRWKHPRUWDUEDUPL[$WWKHHQGRIDOO
WHVWVWKHKLJKHVWDPRXQWVRIH[SDQVLRQLQOHQJWKZHUHGHWHUPLQHGLQWKHPRUWDUEDUVKDYLQJWKHJUDLQVL]HRIWR
PP)LJDF7KHH[SDQVLRQYDOXHRIRSDODJJUHJDWHVZLWKWKHJUDLQVL]HEHWZHHQDQGPP
ZDVKLJKHUWKDQWKHYDOXHRIWKHSHVVLPXPUDWLRGHWHUPLQDWLRQWHVW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